I N B R I E F
Twice daily brushing with a fluoride toothpaste has been widely promoted by the profession for many years since it plays a pivotal role in the prevention and control of dental caries and periodontal diseases. Such behaviour, although selfreported, appears to be an integral part of many people's daily hygiene routine. In Great Britain 55% of children aged 1.5 to 4.5 years were reported to have their teeth brushed more than once a day 1 and in the UK 64% of 4 to18 year olds 2 and 74% of dentate adults claimed to brush their teeth twice a day. 3 Whilst it is generally accepted that such behaviour has been the most important contributor to the improvement in the dental health of the nation a sizeable proportion of the population still do not even claim to brush twice daily.
Contrary to the prevailing view that caries is under control the disease poses a potential threat throughout the lifetime of the individual. In a recent longitudinal study of 2,293 regularly attending adults, a total of 3,030 teeth (37% of those that received treatment during the 5 years) were treated for caries. 4 The increasing dentate elderly population are particularly vulnerable; 29% of dentate adults, aged 65+, had root caries with an average of 2.3 teeth affected. 5 In the UK, the prevalence of plaque and periodontal disease also remains high; 3 72 % of dentate adults and 33% of teeth had visible plaque and 54% of adults had pocketing greater than 3.5 mm. Although severe periodontal disease is relatively uncommon, with only 8% of dentate adults having loss of attachment of 6 mm or more, this increased to 31% in those aged 65 and over. It was concluded that if large numbers of teeth are to be retained into old age there is a need to improve the oral cleanliness of the majority of the UK population. 6 A search was made to identify systematic reviews on the Cochrane Library, DARE and Medline. A further search of Medline using 'toothbrush*' as a free text term produced a vast list of publications too numerous to assess. A number of symposia which had reviewed relevant topics and provided consensus statements were sourced. The last search was conducted in June 2002. Using the data from these different sources we have made recommendations as to the advice dental professionals should give their patients about toothbrushing. The strength of evidence to support each recommendation will be indicated using the following hierarchy of evidence: 
CARIES The role of oral hygiene
The ubiquitous use of fluoride toothpaste makes it difficult to distinguish whether the effect of toothbrushing on caries is the result of the mechanical removal of plaque or a measure of fluoride application. 7 Clearly the caries predilection sites, ie. occlusal pits and fissures and approximal surfaces are the most difficult to clean with toothbrush and toothpaste and traditional reviews (Type 5) of the literature have generally concluded that the effect of oral cleanliness per se on caries is equivocal. 8, 9 Prior to the widespread availability of fluoride toothpastes, evidence of the relative importance of oral hygiene and fluoride was provided by a 3-year study (Type 2) in which two groups of children, aged 9-11 years, had supervised brushing with or without a fluoride toothpaste whilst a control group received no supervision. 10 Both the supervised brushing groups had significantly reduced plaque and gingivitis scores when compared with the control group but a significant reduction in dental caries was only observed in the fluoride toothpaste group. It is generally accepted that the decline in dental caries can be attributed, primarily, to fluoride toothpaste 11 and it would now be considered unethical to withhold the benefits of this from any group in a clinical trial.
Conclusion:
The evidence that brushing per se is important in the prevention and control of caries is equivocal.
Evidence: Type 5
FLUORIDE TOOTHPASTE
It is generally accepted that the beneficial effects of fluoride toothpaste on dental caries are due to the topical effect of fluoride once the teeth have erupted. In contrast, the risk of fluorosis is due to the unintentional swallowing of toothpaste during tooth development. The parents of children less than 7 years should be strongly advised to apply only a small amount of toothpaste (pea or smear) and encourage the child to spit out. A recent Cochrane Review (Type 1) concluded that the use of fluoride toothpaste is associated, on average, with a 24% reduction of dental caries in the permanent dentition of children and adolescents when compared with a non-fluoride toothpaste. 12 The effect of fluoride toothpaste on the deciduous dentition was limited to one study, which reported a reduction of 37% when compared with a non-fluoride toothpaste.
Frequency of brushing
The effectiveness of brushing twice daily with a fluoride toothpaste on caries is supported by data on reported behaviour (Type 4) obtained from surveys 1, 3 and clinical trials. 13, 14 For example, among children aged 3.5-4.5 years, 24% of those whose teeth were brushed more than once a day had caries experience compared with 38% of those whose teeth were brushed once a day and almost half (48%) of those whose teeth were brushed less often. 1 In clinical trials the 3-year caries increments in participants who reported brushing only once a day were 20-30% more than those who brushed twice a day. 13, 14 Whilst these data need to be interpreted with some caution because of associations with other confounding factors, such as social class and sugar consumption, the weight and consistency of available evidence supports the recommendation that toothbrushing, with a fluoride toothpaste, should be performed twice daily. 15 Recommendation: Brush twice daily with a fluoride toothpaste.
Evidence: (Type 4,5)
Fluoride concentration
In Europe, toothpastes containing a maximum fluoride concentration of 1500 ppm are on general sale as cosmetic products. Formulations with higher concentrations are available as prescription only medicines. An extensive review (Type 5) of clinical trials of fluoride toothpastes indicated that fluoride concentration is an important determinant of anticaries efficacy. 16 Overall, the results suggest that within the range 1000 to 2500 ppm F each increase of 500 ppm F provides an additional 6% reduction in caries. 17 Low fluoride toothpastes, containing less than 600 ppm F, are available for young children in the UK. A recent systematic review 18 concluded that toothpastes containing 250 ppm F were not as effective at preventing caries in the permanent dentition as toothpastes containing 1000 ppm F or more (Type 1). Clinical trials in pre-school children (Type 2) comparing 550 ppm F with 1055 ppm F 19 and 440 ppm F with 1450 ppm F 20 have demonstrated that toothpastes containing the lower concentrations of fluoride provide less protection than those containing higher concentrations.
A number of randomised clinical trials 21, 22 have reported that toothpastes containing fluoride concentrations higher than 1500 ppm F provide greater protection than toothpastes containing conventional levels of fluoride. Such a high fluoride toothpaste, containing 2800 ppm F, has been launched recently as a prescription only toothpaste for high caries risk individuals over 16 years of age and particularly the elderly.
Recommendation: The appropriate fluoride concentration to recommend for an individual should be made after assessing their caries risk. This should involve an assessment of previous caries experience, the most powerful predictor of future caries 23, 24 together with a consideration of family history and socio-economic status.
A low fluoride concentration toothpaste (< 600 ppm F) is appropriate for low caries risk children, less than 7 years of age, particularly if living in a fluoridated area.
A toothpaste containing a higher concentration of fluoride (1000-1450 ppm F) is appropriate for high caries risk children less than 7 years
There is strong evidence that twice daily brushing with fluoride toothpaste is effective in reducing oral caries of age with the proviso that the parent applies only a pea-sized amount or smear to the toothbrush.
A high fluoride toothpaste (1450 ppm F) can be recommended for all individuals 7 years of age or older.
A toothpaste containing 2800 ppm F is appropriate for high caries risk adults and the elderly.
Evidence: (Type 1, 2)
Rinsing behaviour
An important determinant of anticaries efficacy of a fluoride toothpaste is the rinsing behaviour after brushing. The volume of water used and the vigour of rinsing after toothbrushing affect the fluoride concentration in the mouth and caries experience. [25] [26] [27] Individuals should be advised not to rinse or to do so briefly with a small amount of water. Young children should be encouraged simply to spit out any excess toothpaste.
Recommendation: Discourage rinsing with large volumes of water. Encourage young children to spit out excess toothpaste.
Amount of toothpaste
Data concerning the effect that the amount of toothpaste has on efficacy is sparse. One clinical trial (Type 2) of dentifrices containing 1000, 1500 and 2500 ppm F reported that the fluoride concentration was more important than the amount of toothpaste applied. 28 Since very young children may swallow a large amount of toothpaste, 29, 30 thereby increasing the risk of fluorosis, parents should supervise very young children and place only a small amount of toothpaste 31 (smear or pea size) on the brush. It is important to reinforce this advice since 31% of children aged 1.5 to 4.5 were reported to always brush their own teeth and 45% covered half the length of the brush or more. 1 Recommendation: Toothbrushing by children should be supervised and only a smear or pea sized amount of toothpaste should be used.
Evidence: (Type 2,4,5)
When to brush
There is no evidence to indicate the relative anticaries benefits of brushing before or after eating meals. Recent surveys have reported that 61% of 1.5-4.5 year olds brush after breakfast and 52% last thing at night 1 for adults the values were 46% and 74% respectively. 3 However, recent evidence ( Type 4) supports a recommendation that brushing with a fluoride toothpaste should take place just prior to going to bed; fluoride concentrations in saliva 12 hours after brushing last thing at night were comparable with those found 1-4 hours after brushing during the day. 32 Recommendation: Brush last thing at night and on one other occasion.
Type of fluoride
There is some controversy regarding the comparative efficacy of the two major types of fluoride used in toothpastes; sodium fluoride (NaF) and sodium monofluorophosphate (MFP). A systematic review (Type 1) suggested that NaF was superior to MFP 33 but this was disputed. 34 If any difference does exist between these two species it is unlikely to be of any clinical significance. Toothpastes containing either fluoride species can be recommended with confidence.
The effectiveness of fluoride toothpaste is influenced by frequency, concentration and rinsing behaviour; frequency having the greatest impact Table 1 The levels of evidence for recommendations for caries control
Instructions Evidence
Frequency of brushing Brush twice a day with a fluoride toothpaste. Type 4,5
Fluoride concentration
The choice of fluoride concentration should be based Type 1,2 on the age and perceived caries risk of the individual and their exposure to other fluoride sources.
A low fluoride concentration toothpaste (< 600 ppm F) is appropriate for low caries risk children, < 7 years of age, particularly if living in a fluoridated area.
A high fluoride toothpaste (1450 ppm F) is appropriate for high caries risk, < 7 years of age, with the proviso that the parent applies only a pea sized amount or smear to the toothbrush. Such a concentration can be recommended to all individuals over 6 years of age.
Amount of toothpaste
Toothbrushing by children, < 7 years of age, should Type 2,4,5 be supervised and only a pea sized amount or smear of toothpaste should be used.
Rinsing behaviour
Discourage rinsing with large volumes of water. Type 4,5 Encourage young children to spit out excess toothpaste.
When to brush
Brush last thing at night and on one other occasion. 
PERIODONTAL DISEASE
Although plaque is the primary aetiological agent for periodontal disease it is evident that there is considerable variation in the extent and severity of tissue destruction between individuals, teeth and tooth sites. 6 The aim is to maintain a level of plaque control which ensures that the rate of tissue destruction is reduced sufficiently to ensure that most individuals maintain a comfortable and functional natural dentition for life. However, the level of plaque control required varies from individual to individual. The oral care industry continues to try and provide the public with toothbrushes and toothpastes that improve the effectiveness of plaque control and periodontal health. The efficacy of these different products has been evaluated in numerous clinical trials the results of which have been the subject of a number of traditional reviews. 35, 37 Frequency of brushing The effective removal of plaque every second day has been shown to prevent gingivitis 38 and resolve experimental gingivitis; 39 the less frequent removal of plaque did not prevent or reduce gingivitis. No optimum frequency has been determined but there is a consensus that twice daily brushing is consistent with maintaining good gingival health. 35, 40 Recommendation: Brush twice daily. Evidence: (Type 5)
Brushing duration and technique
Individuals rarely brush for the length of time they say they do [41] [42] [43] and rarely exceed 60 seconds. 44, 45 Most use a simple horizontal brushing action, spend little time brushing lingual areas, and fail to remove plaque effectively from the approximal surfaces of premolars and molars. 46 Traditional reviews of the literature (Type 5) have concluded that no particular method is superior to any other and it is more realistic to modify the patient's existing method of brushing, emphasising the need to repeat the procedure on all available tooth surfaces. 35, 47 Recommendation: Modify existing method of brushing, emphasising a systematic approach to maximise plaque removal.
Evidence: (Type 5)
Manual toothbrushes
The published literature on the relative merits of different manual toothbrushes is extensive. In general (Type 5) it is accepted that toothbrushes should have the following attributes: a handle size appropriate to the user's age and dexterity, a head size appropriate to the user's mouth, a compact arrangement of soft, end rounded nylon filaments not larger than 0.009 inches in diameter and bristle patterns which enhance plaque removal in the approximal spaces and along the gum margin. 48 In an effort to improve the efficacy of plaque removal toothbrushes with filaments arranged at different heights and angles have been developed. Several randomised controlled studies (Type 2) have demonstrated that these designs were significantly more effective at removing plaque 49, 50 and reducing gingivitis 52 than flat trim brushes. Recommendation: Use a small headed brush with soft, round ended filaments, a compact, angled arrangement of long and short filaments and comfortable handle.
Evidence: (Type 2,5)
Powered toothbrushes
Most modern powered toothbrushes have a small, circular head which performs oscillating, rotating or counter-rotational movements.
Timers are now being introduced into the design giving the user feedback on the duration of brushing. Numerous clinical trials have been performed comparing the efficacy of such toothbrushes with other models or manual toothbrushes. Traditional reviews 53 have generally concluded (Type 5) that powered toothbrushes are more effective in removing plaque, and in some instances reducing gingivitis, than manual toothbrushes. 3 A recent Cochrane Review 54 concluded (Type1) that powered toothbrushes with an oscillating/rotating movement were more effective in removing plaque and reducing gingivitis than a manual toothbrush. Two studies have reported that powered toothbrushes improved compliance. 55, 56 Ideally dental professionals should provide advice and instruction in the use of these devices. 57 Recommendation: For those individuals who are unable to maintain an effective level of plaque control and periodontal health powered brushes with an oscillating/rotating action may be more effective than manual brushes.
Evidence: (Type 1,5)
Toothpaste
Since most individuals are unable to maintain an effective level of plaque control by mechanical means alone, various chemical agents have
The profession should advise and encourage individuals to maintain an effective level of oral hygiene been added to toothpastes to enhance the removal of plaque and thereby improve periodontal health. The most widely used agent in toothpastes is triclosan, a broad-spectrum antibacterial agent. The effectiveness of triclosan formulations has been improved by either adding a copolymer to enhance its retention in the mouth or by adding zinc citrate to provide additional antibacterial activity. These formulations have been shown in randomised controlled trials (Type 2) to provide significant reductions in plaque and significant improvements in gingival health 58, 59 when compared with a fluoride toothpaste alone. In studies of 3 years duration the triclosan/copolymer formulation was reported to reduce the onset of periodontitis in adolescents 60 and the further progression of periodontitis in at-risk adults. 61 Recommendation: Use toothpastes which contain triclosan with either copolymer or zinc citrate to improve levels of plaque control and periodontal health.
Evidence: (Type 2)
PROFESSIONAL INVOLVEMENT
The profession has a wider responsibility for preventing and controlling dental diseases than simply providing toothbrushing advice. The effectiveness of intensive professional involvement in preventive programmes has been well documented in a number of longitudinal studies. In a 4-year trial (Type 2) children, aged 7-14 years, were allocated to test and control groups. 62 During the first 2 years those in the test group received oral hygiene instruction, a professional prophylaxis and topical application of sodium monofluorophosphate every 2 weeks. During the third year this programme was repeated once a month and in the final year every 2 months. The control group brushed their teeth with a 0.32% solution of sodium fluoride once a month throughout the 4 years. Children in the test group had virtually no plaque and gingivitis and had a very small caries increment when compared with the control group. A similar programme was evaluated in adults (Type 2) over a 6-year period. 63 During the first 2 years the test group received preventive measures every 2 months and during the subsequent 4 years every 3 months. The preventive measures comprised: instruction and practice in oral hygiene with emphasis on interdental cleaning, a professional prophylaxis and topical application of fluoride. The control group was recalled at yearly intervals and received conventional care. The preventive programme improved periodontal health and reduced the progression of periodontitis and the incidence of caries when compared with the control group. During a further 9 years the test group continued to receive the preventive programme at varying intervals depending on perceived risk. 64 Sixty-five per cent of subjects were recalled once a year, 30% twice a year and 5% at 2-4 monthly intervals.
The results demonstrated that the programme effectively prevented recurrence of dental disease in all but a small number of highly susceptible individuals. Whilst such studies clearly indicate the effectiveness of a combination of personal and professional plaque control measures in controlling dental diseases, the frequency of recall which ranged from 2 weeks to 4 months is probably unrealistic for most patients and practices.
SUMMARY
The advice that dental practitioners and hygienists give to their patients on toothbrushing should be based on the best available evidence, with due consideration being given to the individual patient's ability to achieve and maintain an acceptable level of oral health. Increasingly, systematic reviews 12, 54, 65 and Clinical Guidelines 66, 67 are being published to support recommendations. This review indicates that much of what we advise is based on traditional reviews of the literature in which the selection of studies does not entail an appraisal of their quality. However, the number of high quality systematic reviews is increasing and will provide stronger evidence to support the advice we give and Clinical Guidelines.
Most people perceive toothbrushing as a tedious procedure which is performed primarily to provide cosmetic rather than health benefits. The increasing popularity of powered brushes and fluoride toothpastes which contain agents that also improve plaque control and periodontal health are to be welcomed. Clinician's can maximise the health benefits of this process by advising patients about frequency, choice of In the UK only 62% of dentate adults recalled having been given some advice or information about toothbrushing or gum care. Patients should be given advice and encouragement to achieve and maintain an acceptable level of oral health. The advice should be tailored to the individual and reinforced at regular intervals if the desired behaviour and benefits are to be sustained.
